Abstract: Four series of 20 novel derivatives of benzylidene camphor with hydrazones, semicarbazones, and thiosemicarbazones were designed and synthesized. The newly synthesized compounds were evaluated for their anticonvulsant activity by maximal electroshock seizure model. Compounds showed varying degrees of anticonvulsant activity, most marked effect was observed for compounds 2f and 4d with lesser neurotoxicity. Molecular docking studies of most active compounds (2f and 4d) of the series revealed that they interact with LYS329A, GLN 301A, and THR 353B residues of 1OHV protein via hydrogen bonding and Pi interaction.
Introduction
Epilepsy is an agelong disease that often involves convulsive seizures. Epilepsy threatens approximately 50 million clinical cases worldwide annually.
1 Approximately 20%-30% of the patients have seizures that are resistant to the available medical therapies. Despite the major medical need for a new chemotherapeutic agent, drug discovery for anticonvulsants is very challenging. 2 With the help of novel drug discovery methods like computer added drug design we can design high quality leads which are more likely to succeed in clinical trials. 3 Derivatives of hydrazone, semicarbazone, and thiosemicarbazone have already been approved as effective anticonvulsants. [4] [5] [6] Camphor is a ketone found to have good anticonvulsant and nicotinic receptor-blocking properties. 7, 8 Herein, camphor moiety also plays an important role as it imparts lipophilic character to the synthesized compounds, which is essential to cross the blood-brain barrier. 9 Gamma amino butyric acid (GABA) has been proposed as a validated target for antiepileptic drugs, because its selective inhibition raises GABA concentration in the brain. 10 It is a pyridoxal phosphate (PLP)-dependent homodimeric enzyme, catalyzing reversible transfer of the amino group of GABA to α-ketoglutarate to yield succinic semialdehyde and L-glutamate. GABA-amino transferase (AT) is a homodimer with each subunit containing an active site PLP, covalently bound to LYS329 of chain A via a Schiff base. 11 When the concentration of GABA diminishes below a threshold level in the brain, convulsion results while raising the brain GABA level terminates the seizure. So, due to these features pig GABA-AT [Protein Data Bank code: 1OHV] was taken for interaction studies. House (P) Ltd (New Delhi, India). Melting points were determined by the open tube capillary method and are uncorrected. Thin layer chromatography plates (silica gel G) were used to confirm the purity of commercial reagents used, compounds synthesized, and to monitor the reactions as well. Two different solvent systems -chloroform, methanol 5:1 (for compounds of Figures 2 and 3 ) and hexane, ethyl acetate in the ratio 6:4 (for compounds of Figures 4 and 5) -were used to run the thin layer chromatography. The spots were visualized under iodine vapors/ultraviolet light (254 nm and 365 nm). Infrared spectra were obtained on a Shimadzu 8400S FT-IR spectrometer (Shizmadzu Corporation, Kyoto, Japan) (KBr pellets). The 1 H nuclear magnetic resonance (NMR) spectra were recorded on a 300 MHz DPX spectrometer in deuterated dimethyl sulfoxide (DMSOd 6 ) using tetramethylsilane as the internal standard. The 13 C NMR spectra were recorded at 100 MHz on Bruker AMX 400 (Bruker Corporation, Billerica, MA, USA) in DMSOd 6 . Mass spectra were recorded on an API 3000 liquid chromatographytandem-mass spectrometry (LC/MS/MS) Q3 spectrometer (Shimadzu). The elemental analysis was performed on an Elemental Combustion System 4010 from Costech Analytical Technologies, Inc., Valencia, CA, USA.
General procedure for synthesis of benzylidene derivatives of camphor Benzylidene derivatives of camphor were synthesized by condensing camphor with substituted aromatic aldehydes in anhydrous dimethyl sulfoxide (DMSO) in the presence of potassium hydroxide. Camphor (0.2 mol) and substituted benzaldehydes (0.26 mol) were dissolved in 25 mL of anhydrous DMSO. To the reaction mixture, potassium hydroxide (0.1 mol) in 10 mL anhydrous DMSO, was added dropwise, and the mixture was stirred at 20°C for 42 hours. The reaction mixture was cooled to 0°C, and the mixture was acidified with glacial acetic acid. The precipitate was filtered, washed with ice-cold water, and dried at room temperature (37°C). The colorless residue was recrystallized by using ethanol (Figure 2 ). 
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Synthesis molecular modeling, anticonvulsant activity of benzylidene camphor derivatives General procedure for synthesis of derivatives of hydrazone with camphor Hydrazones of benzylidene camphor were prepared by condensing of benzylidene camphor derivatives ( Figure 2 ) and hydrazine hydrate. Equimolar quantity of benzylidene camphor and hydrazine hydrate were dissolved in ethanol and transferred to a round bottom flask. The reaction mixture was made acidic with glacial acetic acid and resulting mixture was refluxed on a water bath for 5 hours. The mixture was cooled and residue was separated, filtered, dried and recrystallized from benzene and hexane (1:1) to afford colorless crystalline powder ( Figure 3 ). 
General method of synthesis of semicarbazone of benzylidene camphor derivatives
Semicarbazone of benzylidene camphor derivatives were synthesized in three steps.
Synthesis of aryl urea
Aryl amine (0.1 mol, 10.7 mL) was dissolved in 20 mL of glacial acetic acid and 10 mL of water. To this, 0.1 mol of sodium cyanate (6.5 g) in 80 mL of warm water was added with stirring. Allowed to stand for 30 minutes, it was then cooled in ice and filtered with suction and dried, recrystallized from boiling water to yield aryl urea.
Synthesis of aryl semicarbazide
Equimolar quantities (0.1 mol) of phenyl urea (9.2 g) and hydrazine hydrate (2.5 mL) in ethanol were refluxed for 24 hours with stirring. The two-thirds volume of alcohol was distilled by the vacuum distillation unit and then poured into ice. The resultant precipitate was filtered, washed with water, and dried. The solid was recrystallized from 50 mL of 90% alcohol to which 25 mL of concentrated hydrochloric acid was added. The precipitate of semicarbazide hydrochloride was filtered by vacuum and dried.
Synthesis of semicarbazones of benzylidene camphor
Equimolar quantities (0.5 mol) of benzylidene camphor and semicarbazide hydrochloride were dissolved in 25 mL of ethanol. The pH of the reaction mixture was made alkaline by using sodium acetate and refluxed for 6 hours. The resultant precipitate was filtered, washed with water, and dried. The solid was recrystallized from 50 mL of 90% hot ethanol (Figure 4 ). 
2-(3-
benzylidene-1,7,7139.6, 121.8 (2C), 128.5 (2C), 121.5, 129.1, 155.6. Anal
Synthesis of thiosemicarbazones of benzylidene camphor
Equimolar quantities (0.5 mol) of benzylidene camphor and thiosemicarbazide hydrochloride were dissolved in 25 mL of ethanol. The pH was made alkaline by using sodium acetate. The reaction mixture was refluxed for 6 hours. The resultant precipitate was filtered, washed with water, and dried. The solid was recrystallized from 50 mL of 90% hot ethanol ( Figure 5 ). 1,680 (cyclic C=N str), 1,250 (C-F str), 1,637 (C=C str) 
2-(3-

Biological activity Maximal electroshock-induced seizure model
Maximal electroshock induced seizure model was used for evaluation of anticonvulsant activity. Swiss albino mice were used for the activity. Mice deprived of food and water overnight were randomly distributed in to ten groups of six animals each. Group I served as control (vehicle treated); group II served as standard (phenytoin sodium 25 mg/kg body weight); group III-group X were treated with test drugs 30, 100, and 300 mg/kg body weight, respectively. The control, standard, and test drugs were administered intraperitoneally (ip) in 2% volume/volume Tween 80 solution, 0.5 hours prior to induce the convulsion, and standard drug was administered ip 30 minutes before. Electroconvulsive shock (50 mA for 0.2 seconds) was delivered through corneal electrodes to induce convulsions. The various phases of convulsion are flexion, extension, clonus, and stupor. After the electric stimulation occurrence, the duration phases were noted, and the hind limb tonic extension phase was compared with the control group. The decrease in the duration of the hind limb extension was considered as protective action. 
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Neurotoxicity screening
The minimal motor impairment was measured in mice by the rotarod test. The mice were trained to stay on an accelerating rotarod of diameter 3.2 cm that rotates at 10 rpm. Trained animals were given the ip injection of the test compounds 30, 100, and 300 mg/kg. Neurotoxicity was indicated by the inability of the animal to maintain equilibrium on the rod for at least 1 minute in each of the trials. 17 
Molecular docking
Molecular field mapping and alignment studies were performed using Torch software (Cresset, Cambridgeshire, UK). The receptor model was built by using AutoDock Tools 1.4.6 (The Scripps Research Institute, La Jolla, CA, USA) and MGL Tools 1.5.4 (The Scripps Research Institute) packages. Gasteiger partial charges were added to the ligand atoms. Nonpolar hydrogen atoms were merged, and rotatable bonds were defined. Docking calculations were carried out on 1OHV protein model. 10 Essential hydrogen atoms, Kollman united atom type charges, and solvation parameters were added with the aid of AutoDock tools. 18 The affinity (grid) maps of 20 A° grid points and 0.375 A° spacing were generated using the AutoGrid program (AutoGrid Systems, Redwood Shores, CA, USA). 19 The AutoDock parameter set and distance-dependent dielectric functions were used in the calculation of the van der Waals and the electrostatic terms, respectively. Docking simulations were performed, using the Lamarckian genetic algorithm and the Solis and Wets local search method. Initial position, orientation, and torsions of the ligand molecules were set randomly. All rotatable torsions were released during docking. Each docking experiment was set to terminate after a maximum of 2,500,000 energy evaluations. The population size was set to 150. During the search, a translational step of 0.2 A°, and quaternion and torsion steps of 5 were applied.
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Results and discussion
Preparation of compounds
The synthesis of benzylidene derivatives of camphor and their hydrazones, semicarbazones, and thiosemicarbazones (compounds 1a-1f, 2a-2f, 3a-3d, and 4a-4d) are outlined in Figures 2-5 . The chemical structure and physical data of these compounds are presented in Table 1 . In Figure 2 benzylidene derivatives of camphor (compounds 1a-1f) were synthesized by condensing camphor with substituted aromatic aldehydes, in anhydrous DMSO, in the presence of 1b  100  300  --1c  --100  -1d  --100  300  1e  ----1f  ----2a  100  ---2b  100  300  --2c  100  ---2d  ----2e  --100  300  2f  30  100  --3a  100  300  --3b  100  ---3c  --300  100  3d  100  ---4a  ----4b  100  ---4c  --300  -4d  30  100  --Phenytoin  30  30  100  100 Note: Dash (-) indicates an absence of activity at max dose administered (300 mg/kg). Abbreviations: h, hours, IP, intraperitoneal; MES, maximal electroshock seizure. potassium hydroxide. In Figure 3 , hydrazones of benzylidene derivatives of camphor were synthesized. Hydrazones were prepared by condensing benzylidene derivatives of camphor (1c, 1e, and 1f) with substituted hydrazine hydrates. In Figures 4 and 5 , semicarbazones and thiosemicarbazones of benzylidene derivatives of camphor were prepared respectively. For their synthesis, first aryl urea derivatives were prepared by treating aryl amine with sodium cyanate in the presence of glacial acetic acid. Synthesized aryl urea derivatives were than refluxed with hydrazine hydrate to yield hydrazine carboxamides. The final compounds were synthesized by the reaction of hydrazine carboxamides with the appropriate ketone group of benzylidene derivatives of camphor. Thiosemicarbazones were prepared by condensing benzylidene derivatives of camphor with thiosemicarbazide as per given protocol. Analytical and spectral data of all the synthesized compounds were found in agreement with the composition of synthesized compounds. The data of physicochemical properties of all the compounds is given in Table 1 .
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Biological activity
The synthesized compounds were tested for anticonvulsant activity and neurotoxicity by the MES method and rotarod method, respectively. Compounds 2f and 4d showed activity at dose 30 mg/kg after 0.5 hours of injection. Compounds  1a, 1b, 2a, 2b, 2c, 3a, 3b, 3d , and 4b showed activity at dose 100 mg/kg after 0.5 hours of injection. Compounds 2f and 4d showed activity at dose 100 mg/kg after 4 hours of injection. Compounds 1a, 1b, 2b, and 3a showed activity at dose 300 mg/kg after 4 hours of injection. Other compounds did not show activity at the given doses. Compounds 3c and 
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Synthesis molecular modeling, anticonvulsant activity of benzylidene camphor derivatives 4c showed neurotoxicity at dose 300 mg/kg after 0.5 hours of injection. Compounds 1c, 1d, and 2e showed neurotoxicity at dose 100 mg/kg after 0.5 hours of injection. Compounds 1d and 2e showed neurotoxicity at dose 300 mg/kg after 4 hours of injection. Among the tested compounds, 2f and 4d were found most active, displaying significant activity at 30 mg/kg dose level comparable to phenytoin 25 mg/kg. Further, these two compounds (2f and 4d) did not show neurotoxicity at the treated doses (Table 2 ).
Molecular modeling study
Molecular modeling and field mapping studies of most active derivatives (compounds 2f and 4d) of the four series were carried out to find the probable mechanism of the action of their derivatives and to develop a model for anticonvulsant drugs. The results of the molecular modeling study of most active derivatives are summarized in Table 3 . Compounds 2f and 4d showed maximum docking score -137.71 and -105.34, respectively. Compound 2f showed an interaction with protein 1OHV by hydrogen bonding with residues: lysine 329 residue in chain A (LYS329A, 2.061 and 2.349); threonine 353 residue in chain B (THR353B, 2.223 and 2.045); glutamine 301 residue in chain A (GLN301A, 2.386); and Pi stacking interaction with phenyl alanine residue in chain A (PHE189A, 5.077). Compound 4d was shown to interact with 1OHV protein by hydrogen bonding with residues LYS329A (2.505, 2.495, and 2.545), THR353B (2.291), and GLN301A (2.488). Compound 4d also found to show Pi-stacking interactions with residue PHE189A (4.683 and 5.473) ( Table 3 and Figure 6 ). It means these groups play an important role for anticonvulsant property of these compounds. The field aligning study of compounds 2f and 4d was performed, and it was found that both compounds have field similarity with a score of 0.702 ( Figure 7 ). Further, it was found that the introduction of the 2, 4-dinitrophenyl group in hydrazones and thiosemicarbazones formation from the benzylidene camphor increase van der Waals attraction (Figure 8 ). Both compounds 2f and 4d have strong hydrophobic, H donor, H acceptor and van der Waals attraction regions which forms electrostatic and hydrophobic interactions with the receptor thus resulting in anticonvulsant activity.
Conclusion
In the present study, a series of 20 novel derivatives of benzylidene with camphor were synthesized. The newly synthesized compounds were evaluated for their anticonvulsant activity by the MES model. Compounds 2f and 4d found to be most active at a dose of 30 mg/kg comparable to phenytoin. Further these compounds did not show any neurotoxicity at the tested doses. Molecular docking studies of most active compounds (2f and 4d) of the series revealed that they interact with LYS329A, GLN 301A, and THR 353B residues of 1OHV protein, present in GABA-AT receptor of the brain of a pig via hydrogen bonding and Pi interaction. Field alignment studies of compounds 2f and 4d showed that compounds have strong hydrophobic regions, H donor and acceptor regions, and van der Waals attraction regions that formed electrostatic regions and steric regions responsible for interaction with GABA-AT receptor and anticonvulsant activity. These interaction data of synthesized compounds with active residues like LYS329A, GLN301A, and THR 353B of GABA-AT have suggested its possible mechanism of anticonvulsant action. Inhibition of GABA-AT results in an increased level of GABA in the glial cells and, thereby, suppresses seizure spread. 
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